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(57) Abstract 

The invention relates to novel uses for inhibin, inhibin a subunit, activin inhibin or acttvin antagonists and compositions 
comprising them in the treatment or prevention of immune dysfunction and blood clotting disorders. Methods of treatment in- 
clude administration of the required agent to a host, immunization of the host with the agent or passive immunization using an- 
tibodies raised against one of these agents. 
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ACTIONS OF HORMONES 

TECHNICAL FIELD 

This invention relates to secondary uses for the gonadal hormones 
inhibin and activin and the a subunit of Inhibin and to uses for 
5 antagonists of these hormones. 

BACKGROUND ART 

Inhibin is a gonadal glycoprotein which preferentially suppresses FSH 
secretion in vitro and is believed to have a key role in the physiological 
control of FSH in vivo . Recently, inhibin has been isolated from bovine 

10 (Robertson et al 1985 Biochem Biophys Res Comm 126:220; Robertson et al 
1986, Mol Cell Endocrinol 44:271; Fukuda et al 1986 Mol Cell Endocrinol 
44:55), porcine (Miyamoto et al 1985 Biochem Biophys Res Comm 129:396; 
Ling et al 1985, Proc Nat Acad Sci (USA) 82:7217) and ovine (Leversha et aJ 
1987 J. Endocrinol 113:213) ovarian follicular fluids (FF). The amino acid 

15 sequence of porcine (Mason et al 1985 Nature 318:639), bovine (Forage et 
al 1986 Proc Nat Acad Sci (USA) 83:3091), human (Mason et al 1986 Biochem 
Biophys Res Comm 135:957; Stewart et al 1986 FEBS 206:329), ovine 
(Crawford et al 1987 Mol Endocrinol 1:699; Forage et al 1987 Serono 
Symposium 42:89) and rat (Esch et al 1987 Mol Endocrinol 1:388; Woodruff 

20 et al 1987 Mol Endocrinol 1:561) inhibin has been determined by cloning 
techniques. Inhibin is a dimer of two partially homologous subunits (a 
and |5> joined by disulphide bonds. Inhibin with two variants of the (3 
subunit (A and B) has been isolated from porcine FF (Ling et al 1985 Proc 
Nat Acad Sci (USA) 82:7217) and their mRNAs also identified in the human 

25 (Mason si Al 1 986 Biochem Biophys Res Comm 135:957; Stewart et ?l1 1987 

FEBS 206:329) and rat (Esch et al 1987 Mol Endocrinol 1:849; Woodruff s± 
Al 1987 Mol Endocrinol 1:561). Inhibin has also been isolated as two 
molecular weight forms (58000D and 31-320000) which differ in the extent of 
processing of the a chain (Robertson et al 1986 Mol Cell Endocrinol 

30 44:271). Bovine 58KD inhibin is cleaved to 31kD inhibin in the presence of 
serum but not follicular fluid (McLachlan et al 1986 Mol Cell Endocrinol 
46:175) suggesting that processing of the a subunit is extragonadal . 
Inhibin has also been identified as a placental product in rats and humans 
(McLachlan et al 1986 Biochem Biophys Res Comm 140:485; Petraglia et al 

35 1987 Science 237:187), suggesting that it plays a role in pregnancy. 

Recently, several proteins have been isolated from gonadal and other 
tissues and found to be structurally related to inhibin particularly to the 
p subunit, but with different biological activities. These proteins 
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include activin-A and activin-AB (inhibin pApA or pApB subunit 
dimers, Vale et al 1986 Nature 321:776; Ling et al 1986 Nature 321:779) or 
erythroid differentiating factor (Eto et al 1987 Biochem Biophys Res Comm 
142:1095); Mullerian inhibitory substance CCate et al 1986, Cell 45:685) 

5 and transforming growth factor-p (Sporn et al 1987 J Cell Biol 

105:1039). TGF-6 is a potent inhibitor of lectin-i nduced T lymphocyte 
proliferation in vi tro . and many patients wi th gl iobl astomas , which secrete 
large amounts of TGF-6 , display suppressed immune functions (Kherl et al 
1986 J Exp Med 153:1037; Nrann et al 1987 EM BO 6:1633). 

TO DISCLOSURE OF THE INVENTION 

Per i nitrons 

As used throughout the specification and claims "host" refers to a 
vertebrate host, preferably a mammalian host, and more particularly a human 
host. 

15 The term " inhibin" as used throughout the specification is not 

restricted to inhibin isolated from a particular source and may include 
inhibin A (a P ft ) or inhibin B Ca'Pg) . The inhibin used may be 
naturally occurring or a recombinant or synthetic or semi /syntheti c 
inhibin. It is recognised that for human applications the inhibin of 

20 choice would be a human inhibin whereas for veterinary applications one 
would preferably choose an inhibin derived from the appropriate animal 
species, unless an immune response is desired in which case an inhibin 
derived from a species differing from the host would be desirable. 
Purification and characteri sation of native inhibin is described in 

25 PCT/AU85/00119. Recombinant inhibin is described in PCT/AU86/00Q97 . 

The term "activin" as used throughout the specification is not 
restricted to activin isolated from a particular source and may include 
activin A, activin- AB or activin B cp g p g dimer). The activin used 
may be naturally occurring or a recombinant or synthetic or semi /syntheti c 

30 activin. It is recognised that for human applications the activin of 
choice would be a human activin whereas for veterinary applications one 
would preferably choose an activin derived from the appropriate animal 
species, unless an immune response is desired in which case an activin 
derived from a species differing from the host would be desirable. 

35 The term "a subunit" as used throughout the specification and 

claims refers to the a subunit of inhibin including precursor forms. It 
is not restricted to a subunit derived from a particular source. The a 
subunit used may be naturally occurring or a recombinant or synthetic or 
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semi I syntheti c a subunlt. It is recognised that the a subunit of 
choice for inducing an immune response would be derived from a species 
differing from the host . 

The term "inhibin composition" as used throughout the specification 

5 and claims refers to a composition comprising inhibin together with a 

pharmaceuti cally acceptable carrier, diluent, excipient and/or adjuvant. 

The term "a subunit composition" as used throughout the 
specification and claims refers to a composition comprising Inhibin a 
subunit together with a pharmaceuti cal ly acceptable carrier, diluent, 

10 excipient and/or adjuvant. 

The term "activin composition" as used throughout the specification 
and claims refers to a composition comprising activin together with a 
pharmaceuti cal ly acceptable carrier, diluent, excipient and/or adjuvant. 
The term "pharmaceuti cal ly acceptable" as used throughout the 

15 specification and claims extends to acceptability for human use or for 
other vertebrate use depending on whether the host, in a particular 
instance, is a human or other vertebrate. 

The term "inhibin antagonist" refers to antagonists acting on the a 
subunit, (3 subunit or both and includes activin, TGF-fJ or other 

20 molecules having an activity or effect that is opposite to that of inhibin 
or that blocks the action of inhibin without necessarily combining with 
inhibin, antibodies to inhibin or to its a subunit or other molecules 
that neutralise the biological activities or effects of inhibin by 
combining with inhibin or with the a subunit of inhibin. 

25 The term "inhibin antagonist composition" as used throughout the 

specification and claims refers to a composition comprising an inhibin 
antagonist and/or an antagonist of the a subunit of inhibin together with 
a pharmaceuti cal ly acceptable carrier, diluent, excipient and/or adjuvant. 
The term "activin antagonist" as used throughout the specification 

30 and claims includes molecules having an activity or effect that is opposite 
to that of activin or that blocks or neutralizes the action of activin 
without necessarily combining with activin, as well as antibodies to 
activin or to its subunits, inhibin, and other 1nh1bin-like molecules such 
as FSP, or foil i statin CUemo fii il (1987) PNAS USA £4 8282; Robertson £t al 

35 (1 987) Biochem Biophys Res Comm 142 744; PCT/AU88/00O24] . 

The term "activin antagonist composition" as used throughout the 
specification and claims refers to a composition comprising an activin 
antagonist together with a pharmaceuti cal ly acceptable carrier, diluent, 
excipient and/or adjuvant. 
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The term "adjuvant" as used throughout the specification refers, In 
respect to immunising compositions, to an agent used to enhance the immune 
response of the immunised host to the immunising composition. In respect 
of pharmaceutical compositions which are to be administered for therapeutic 

5 or prophylactic purposes other than immunisation, the term "adjuvant" 

refers to an agent used to enhance the desired therapeutic or prophylactic 
response of the host to the composition administered. 

The term "antibody composition" as used throughout the specification 
and claims refers to a composition comprising the appropriate antibodies 

TO together with a pharmaceutical ly acceptable carrier, adjuvant, excipient 
and/or diluent. 



The present invention relates to uses of the gonadal hormones inhibin 
15 and activin as well as the a subunit of inhibin and antagonists to 

inhibin and activin for purposes other than modulation of gonadal function. 

The present invention demonstrates that bovine inhibin stimulates, 
while bovine activin suppresses lecti n-induced proliferation of 
T-lymphocytes from rat thymus in vitro . Rakbits immunised with inhibin show 
20 a suppression of immunoglobulin levels-, coThpccred to immunised and 

non-i mmuni seti control rabbits. These fi'ndings indicate that inriibin and 
activin are intimately involved in the regulation of immune responses. In 
contrast to its effects on T-lymphocytes, activin stimulates proliferation 
of 3T3 mouse embryo fibroblast cells in vitro but inhibin had no effect on 
25 these cells. These observations indicate that activin is a stimulatory 
growth factor and that the actions of inhibin and activin are cell-type 
specific. 

Previous studies have shown that where the a subunit of inhibin is 
used as an immunogen, antibodies are generated that react with inhibin and 

30 neutralise its activity [Forage £± al (1987) J. EndocrinoK VU R1-R4: 

Findlay £± al (1988) J. Endocrinology 1 191 . Therefore, inhibin and the a 
subunit of inhibin can be regarded at least as equivalent immunogens and 
the a subunit may be a superior immunogen since a subunit antibodies 
will neutralise both inhibin A and inhibin B and no p subunit antibodies 

35 can be generated that would cross-react with activin. Based on the above 
findings it follows that where immunisation against inhibin is required for 
immunoregulatory or blood clotting purposes, immunisation against inhibin 
a subunit can be utilised to achieve the same end. 
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Based on these observations, 1 nh1 b i n 1s suitable as: 

1. an immunostimulatory agent for treatment of Immunosuppression states 
and Immunodeficiency diseases, including acquired immune deficiency 
syndrome (AIDS) and as an agent to stimulate the immune system 

5 response to infections and tumours. 

2. an immunogen for treatment of autoimmune diseases (eg. systemic lupus 
erythematosus) and suppression of transplantation rejection 
responses. As explained above immunisation against the a subunit 
can also be used. It follows that other inhibin antagonists would be 

TO of use in the treatment of autoimmune diseases and for the 

suppression of transplantation rejection. 

3. a diagnostic for monitoring the immune status of patients. 
Based on these observations, activin is suitable as 

1. an agent for the treatment of autoimmune diseases and for inhibition 
15 of transplantation rejection responses. 

2. a growth promoter for treatment of wounds including surgical lesions, 
burns, tissue grafts and chronic ulcers. 

From these observations it follows that activin antagonists can be 
used as: 

20 1. inhibitors of excess tissue proliferation for the treatment of 
conditions such as keloid. 

2. immunostimulants . 

3. diagnostic agents for monitoring of immune status of patients and 
tumour growth. 

25 Further, the inventors have found immunisation against both inhibin 

and the a subunit of inhibin to effect in vivo neutralization of inhibin 
results in more rapid clotting of blood. 

These observations indicate that inhibin acts to delay clotting and 
may have widespread applications to delay thrombic processes. 
30 Alternatively, antagonists to inhibin enhance the clotting process for 
treatment of haemorrhage and clotting disorders. 

Based on these observations, inhibin is suitable as: 
1. an agent for the delay of blood clotting and delay of thrombic 
processes . 

35 Inhibin antagonists are suitable as: 

1. agents to enhance the clotting process; and 

2. agents for the treatment of haemorrhage and clotting disorders. 
Inhibin or the a subunit thereof can be used as immunogens to 
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effect more rapid blood clotting. 

The invention provides a method for the treatment of 
immunosuppressive states or immunodeficiency diseases in a host in need of 
such treatment which method comprises administering an effective amount of 
5 inhibin or an tnhi bin composition, to said host. 

Immunosuppressive states to be treated include acquired immune 
deficiency syndrome (AIDS). 

The invention also provides a method of stimulating the immune 
response of a host in need of such treatment, to an infection or a tumour 
TO which method comprises administering an immunostimul atory amount of inhibin 
or an inhibin composition, to said host. 

The invention further provides a method for the treatment of an 
autoimmune disease in a host in need of such treatment which method 
comprises immunising said host with an autoimmune disease treating amount 
15 of inhibin, the a subunit of inhibin, an a subunit composition or an 

inhibin composition. Alternatively, the host may be passively immunised 
with inhibin antibodies, a subunit antibodies, or an inhibin antibody or 
a subunit antibody composition. The method may comprise administering an 
autoimmune disease treating amount of an inhibin antagonist or inhibin 
20 antagonist composition to the host. 

In another embodiment, the invention provides a method of suppressing 
transplantation rejection in a host in need of such treatment which method 
comprises immunising said host with a transplantation rejection suppressing 
amount of inhibin, the a subunit of inhibin or an inhibin or a subunit 
25 composition. Alternatively, the host may be passively immunised with 

inhibin antibodies including a subunit antibodies or with an inhibin or 
a subunit antibody composition. The method may comprise administering a 
transplantation rejection suppressing amount of an inhibin antagonist or an 
inhibin antagonist composition to the host. 
30 In yet another embodiment, the invention provides a method for 

monitoring the immune status of a host in need of such treatment which 
method comprises measuring the ability of said host to respond to 
immunostimul at ion by inhibin or an inhibin composition. 

The invention also provides a method for treating an autoimmune 
35 disease in a host in need of such treatment which method comprises 

administering to said host an autoimmune disease treating amount of activin 
or an activin composition. 

In another embodiment, the invention provides a method of inhibiting 
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a transplantation rejection response in a host in need of such treatment 
which method comprises administering a transplantation rejection 
suppressing amount of activin or an activin composition, to said host. 

The invention also provides a method for treating a wound including a 
5 surgical lesion, burn, tissue graft or chronic ulcer in a host in need of 
such treatment which method comprises administering to said host a growth 
promoting amount of a growth promoter comprising activin or an activin 
compos i tion . 

The invention further provides a method of monitoring the immune 
TO status of a host in need of such treatment which method comprises measuring 
the levels of inhibin and/or activin in serum or tissues by 
radioimmunoassay or bioassay. 

The invention also provides a method of monitoring tumour growth in a 
host in need of such treatment which method comprises measuring the levels 
15 of activin in serum or tissues by radioimmunoassay or bioassay. 

The invention further provides a method for inhibiting excess tissue 
proliferation in a host in need of such treatment which method comprises 
administering an effective amount of an activin antagonist or an activin 
antagonist composition to said host. This method would extend to 
20 ' immunisation against activin. 

The invention still further provides a method of stimulating the 
immune response of a host in need of such treatment which method comprises 
administering an immunostimul atory amount of an activin antagonist or of an 
activin antagonist composition to a host in need of such treatment. 
25 The invention provides a method of enhancing blood clotting in a host 

in need of such treatment which method comprises immunising said host with 
an immunising amount of inhibin or the a subunit of inhibin or an inhibin 
or a subunit composition. Alternatively, the host may be passively 
immunised with inhibin or a subunit antibodies or a composition 
3Q comprising such antibodies. 

Enhancement of blood clotting can also be achieved by administration 
of a blood clotting enhancing amount of at least one inhibin antagonist or 
an antagonist composition, to the host. 

The invention also provides a method of inhibiting blood clotting in. 
35 a host in need of such treatment which method comprises administration of a 
blood clotting inhibiting amount of inhibin or an inhibin composition to 
said host. 

The invention includes a method of delaying thrombic processes in a 
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host in need of such treatment, which method comprises administering a 
thrombic process delaying amount of inhibin or an inhibin composition to 
said- host. 

The invention also provides a method of treating haemorrhagi ng which 
5 method comprises administering a haemorrhagi ng treating amount of an 

inhibin antagonist or an antagonist composition to said host, including 
inhibin or a subunit antibodies. Haemmorhagi ng could also be treated by 
immunising the host with inhibin, the a subunit of inhibin or with an 
inhibin or cc subunit composition. 
10 The invention provides vaccines for immunising hosts 

1. against an autoimmune disease, 

2. to suppress transplant rejection, 
3.. to enhance blood clotting, 

4. to prevent haemorrhagi ng 
15 comprising inhibin, a subunit of inhibin, an inhibin composition, or an 
a subunit composition. 

The invention also provides a method of using inhibin in the 
preparation of a pharmaceutical composition for the delaying of thrombic 
processes . 

2D The invention provides a method of using inhibin in the preparation 

of a pharmaceutical composition for the treatment of immunosuppressive 
states or immunodeficiency diseases. 

The invention also provides a method of using inhibin in the 
preparation of a pharmaceutical composition for stimulating the immune 
25 response of a host to an infection or a tumour. 

The invention further provides a method of using inhibin or inhibin 
a subunit in the preparation of an immunogen for protecting a host 
against an autoimmune disease. 

The invention also provides a method of using an inhibin antagonist 
30 in the preparation of a pharmaceutical composition for the treatment of an 
autoimmune disease. 

In another form, the invention provides a method of using inhibin or 
inhibin a subunit in the preparation of an immunogen for protecting a 
host against a transplantation rejection response. 
35 Th e invention also provides a method of using an Inhibin antagonist 

in the preparation of a pharmaceutical composition for the treatment of a 
transplantation rejection response. 

In yet another form the invention provides a method of using inhibin 
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in the preparation of a diagnostic agent for monitoring the immune status 
of a host. 

The invention provides a method of using activin for the preparation 
of a pharmaceutical composition for the treatment of an autoimmune disease. 
5 The invention also provides a method of using activin for the 

preparation of a pharmaceutical composition for suppressing transplant 
rejection . 

The invention further provides a method of using activin for the 
preparation of pharmaceutical composition for promotion of tissue 
TO regeneration in a wound including a surgical lesion, burn, tissue graft or 
chronic ulcer. 

In a further embodiment the invention provides a method of using 

activin for the preparation of a pharmaceutical composition for monitoring 

the immune status of a host. 
15 The invention provides a method of using activin for the preparation 

of a pharmaceutical composition for monitoring tumour growth in a host. 

In another form, the invention provides a method of using an activin 

antagonist for the preparation of a pharmaceutical composition for 

inhibiting excessive tissue proliferation. 
20 The invention also provides a method of using inhibin or the a 

subunit of inhibin for the preparation of an immunogen for enhancing blood 

clotting. 

The invention further provides a method of using an inhibin 
antagonist for the preparation of a pharmaceutical composition for 
25 enhancing blood clotting. 

The invention provides a method of using inhibin for the preparation 
of a pharmaceutical composition for inhibiting blood clotting. 

The invention also provides a method of using inhibin for the 
preparation of a pharmaceutical composition for delaying thrombic processes 
30 The invention further provides a method of using inhibin or the a 

subunit thereof for the preparation of an immunogen for preventing 
haemorrhaging. 

The invention also provides a method of using an inhibin antagonist 
for the preparation of a pharmaceutical composition for the treatment of 
35 haemorrhaging. 

For those methods of the invention which comprise passive 
immunisation the invention provides inhibin antibodies, a subunit 
antibodies or compositions comprising inhibin or a subunit antibodies to 
be used as passive vaccines. 
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The amount of Inhibin, activin, inhibin a subunit, inhibin 
antagonist or activin antagonist that may be combined with carrier to 
produce a single dosage form will vary depending upon the host to be 
treated and the particular mode of administration. 

5 It will be understood, also, that the specific dose level for any 

particular patient will depend upon a variety of factors including the 
activity of the specific compound employed, the age, body weight, general 
health, sex, diet, time of administration, route of administration, rate of 
excretion, drug combination, the particular immunoregulatory or blood 

10 clotting state being treated and the severity of the particular condition 
undergoing treatment. 

The compositions of the present invention may be administered orally, 
parenteral ly r by inhalation spray, rectal ly , vaginally or topically in 
dosage unit formulations containing conventional, non-toxic, 

15 pharmaceuti cal ly acceptable carriers, diluents, adjuvants and/or excipients 
as desired. 

The term parenteral as used herein includes subcutaneous injections, 
intravenous, or intramuscular injection, or infusion techniques. 

Injectable preparations, for example, sterile injectable aqueous or 
20 oleagenous suspensions may be formulated according to the known art using 
suitable dispersing or wetting- agents and suspending agents. The sterile 
injectable preparation may also be a sterile injectable solution or 
suspension in a non-toxic parenteral ly acceptable diluent or solvent, for 
example, as a solution in 1 ,3-butanedlol . Among the acceptable vehicles 
25 and solvents that may be employed are water, Ringer's solution, and 

isotonic sodium chloride solution. In addition, sterile, fixed oils are 
conventionally employed as a solvent or suspending medium. For this 
purpose any bland fixed oil may be employed including synthetic mono- or 
diglycerides. In addition, fatty acids such as oleic acid find use in the 
30 preparation of injectables. 

The term "pharmaceuti cal ly acceptable adjuvant" can mean either the 
standard compositions which are suitable for human administration or the 
typical adjuvants employed in animal vaccinations. 

Suitable adjuvants for the vaccination of animals and humans include 
35 but are not limited to oil emulsions such as Freund 1 s complete or 

incomplete adjuvant (not suitable for human or livestock use), Marcol 52: 
Montanide 888 (Marcol is a Trademark of Esso, Montanide is a Trademark of 
SEPPIC, Paris), squalane or squalene, Adjuvant 65 (containing peanut oil, 
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mannide monooleate and aluminum monos tearate ) , mineral gels such as 
aluminum hydroxide, aluminum phosphate, calcium phosphate and alum, 
surfactants such as hexadecyl ami ne , octadecy 1 ami ne , lysol eci thi n , 
dimethyldioctadecyl ammoni urn bromide, N,N-dioctadecyl-N' ,N'-bis(2- 

5 hydroxyethyl )propanedi ami ne , methoxyhexadecy 1 g 1 ycerol and p-yronic polyols, 
polyanions such as pyran, dextran sulfate, polylC, polyacryl ; c acid and 
carbopol , peptides and amino acids such as muramyl dipeptide. 
dimethylglycine , tuftsin and trehalose dimycolate. The active substances 
of the present invention can also be administered following incorporation 

10 into liposomes or other micro-carriers, or after conjugation to 

polysaccharides, proteins or polymers or in combination witn Quil-A to form 
"Iscoms" (immunostimulating complexes) (Morein et al . , Nature 457-460 
[1984]). Other adjuvants suitable for use in the present invention include 
fusion proteins or conjugates comprising the active compound of interest 

15 together with an integral membrane protein of prokaryotic or eukaryotic 
origin, such as TraT. 

v Routes of administration, dosages to be administered =.s well as 

frequency of injections are all factors which can be optimized using 
ordinary skill in the art. Typically, the initial vaccination is followed 

20 some weeks later by one or more "booster" vaccinations, the net effect of 
which is the production of high titres of antibodies against the immunogen. 

Suppositories for rectal or vaginal administration of the 
compositions of the invention can be prepared by mixing the composition 
with a suitable noni rri tati ng excipient such as cocoa butter, theobroma 

25 oil, glycerinated gelatin or polyethylene glycols which are solid at 

ordinary temperatures but liquid at the rectal or vaginal temperature or by 
contact with fluids present in the appropriate cavity and will therefore 
melt in the rectum or vagina and release the drug. 

Compositions for topical administration include creams, ointments and 

30 pastes. The ingredients that constitute the base of ointments (e.g. 

petrolatum, waxes) are melted together; powdered drug components are added 
and the mass stirred with cooling. Generally, the product is then passed 
through a roller mill to achieve the particle-size range desired for the 
dispersed solid. Pastes are ointments with relatively large, dispersed 

35 solid content, and are prepared similarly. 

Creams are semisolid emulsions, either water-in-oil or oi 1-i n-water . 
A solid ingredient can be added to the appropriate phase before 
emul sif ication or may be dispersed at some point after the emul sifi cation 



SUBSTITUTE SHEET 



WO 89/11862 ^ 

PCT/AU89/00245 

- 12 - 

step. Topical dosage forms Include disc dosage form systems that have been 
used for the transdermal delivery of therapeutic agents. They provide 
uniform and prolonged drug release. 

Solid dosage forms for oral administration may include capsules, 

5 tablets, pills, powders, and granules. In such solid dosage forms, inhibin 
activin, a subunit or antagonists may be admixed with at least one inert 
diluent such as sucrose, lactose or starch. Such dosage forms may also 
comprise, as is normal practice, additional substances other than inert 
diluents, e.g., lubricating agents such as magnesium stearate. In the case 

10 of capsules, tablets, and pills, the dosage forms may also comprise 

buffering agents. Tablets and pills can additionally be prepared with 
enteric coatings. 

Liquid dosage forms for oral administration may include 
nanoparti cles , microcapsules, LTB conjugates, cholera or its B subunit as a 

15 conjugate, or vitamin BIZ conjugates in pharmaceuti cal 1 y acceptable 

emulsions, syrups, solutions, suspensions, and elixirs containing inert 
diluents commonly used in the art, such as water. Such compositions may 
also comprise adjuvants, such as wetting agents, emulsifying and suspending 
agents or TraT as a conjugate, and sweetening, flavoring, and perfuming 

20 agents including sugars such as sucrose, sorbitol, fructose etc, glycols 

such as polyethylene glycol, propylene glycol etc, oils such as sesame oil, 
olive oil, soybean oil etc, antiseptics such as alkyl parahydroxybenzoate 
etc, and flavours such as strawberry flavour, peppermint etc. 

An advantage of the therapeutic methods disclosed herein is that the 

25 agents to be used are natural products which have been shown to play a 
physiological role. 

Such an approach is of use in avoiding cytotoxicity problems 
experienced with available drugs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 Figure 1A shows the stimulation of tritiated thymidine incorporation 

into rat T-lymphocytes in vitro by the non-specific mitogens Concanavalin A 
(Con A) and phytohaemaggl uti ni n (PHA) . Values are mean ± SEH (n = 4 
repl icates) . 

Figure IB shows the stimulation of tritiated thymidine incorporation 
35 into rat T-lymphocytes by bovine 31kD inhibin in the absence and presence 
of submaximal doses of Con A (0.125|ig/ml ) or PHA C50fig/mlK There was 
no effect of inhibin in the presence of maximally stimulating dose 
(l^g/ml) of Con A. Values are mean ± SEM Cn « 4 replicates). 
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Figure 2 shows the suppression by porcine TGF-6 of trltlated 

thymidine incorporation into rat T-lymphocytes 1n the absence and presence 

of a maximal dose of Con A (l|ig/ml). Values are mean ± SEM (n = 4 

replicates). *p < 0.05 compared with control. 
5 Figure 3 shows inhibition of tritated thymidine incorporation into 

rat T-lymphocytes by bovine activin and TGF-B in the presence of a 

submaximal dose of PHA (50(xg/ml). 

Figure 4 shows stimulation by bovine activin and porcine TGF-6 of 

trltlated thymidine incorporation into mouse 3T3 cells in vitro . Bovine 
10 inhibin had no effect in this system. Values are mean + SEM (n » 4 

repl 1 cates) . 

Figure 5 shows profiles of serum IgG levels and i nh i bi n-speci f 1 c or 
control protein-specific antibody titre in rabbits receiving multiple 
immunisations with bovine inhibin (Fig 5A) and control protein (Fig 5B) . 
15 NS: regression is not significant. 

Figure 6 shows the binding of sheep antibodies, as serum diluted 
1:500, to iodinated 31kD bovine inhibin. The sera are grouped as 'high 
responders (> 1% binding) and low responders (< 17. binding) and controls 
(not vaccinated with active ingredient). The data show that there is a 
20 significant difference between the high responders and the other two groups 
(P < 0.001; students t-test). "Data are the mean ± sem; number of animals 
per group is as shown in Figure 7. 

Figure 7 shows the clotting time (in seconds) between the serum 
groups shown in Figure 6. The data show that there is a significant 
25 difference between the high responders and the other two groups (P < 0.001; 
students t-test). Data are the mean ± sem; n = number of animals per group. 
BEST MODE AND OTHER MODE(S) FOR CARRYING OUT THE INVENTION 
In the method for the treatment of immunosuppressive states or 
immunodeficiency diseases, an effective amount of inhibin or an inihibin 
30. composition is administered to the host. 

The inhibin composition for this purpose is prepared by mixing, 
preferably homogenously mixing, inhibin with a pharmaceuti cal ly acceptable 
carrier, diluent, excipient and /or adjuvant using standard methods of 
pharmaceuti cal preparation . 
35. The amount of inhibin required to produce a single dosage form will 

vary depending upon the host to be treated and the particular mode of 
administration. The specific dose level for any particular patient will 
depend upon a variety of factors including the activity of the specific 
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inhibin employed, the age, body weight, general health, sex, and diet of 
the patient, time of administration, route of administration, rate of 
excretion, drug combination and the severity of the immunosuppressive state 
or immunodeficiency disease undergoing treatment. 

5 Inhibin or inhibin compositions for use in the treatment of 

immunosuppressive states or immunodeficiency diseases include those to be 
administered orally, parenteral ly , by inhalation spray, rectal ly, vaginally 
or topically in unit dosage formulations containing conventional, 
non-toxic, pharmaceuti cal ly acceptable carriers, diluents, excipients 

10 and/or adjuvants as desired. 

In the method for stimulating the immune response of a host to an 
infection or to a tumour, an immune response stimulating amount of inhibin 
or an inihibin composition is administered to the host. 

The inhibin composition for this purpose is prepared by mixing, 

15 preferably homogenously mixing, inhibin with a pharmaceutical^ acceptable 
carrier, diluent, excipienr and/or adjuvant using standard methods of 
pharmaceuti cal preparation. 

The amount of inhibin required to produce a single dosage form will 
vary depending upon the host to be treated and the particular mode of 

20 administration. The specific dose level for any particular pajtlenf will 
depend upon a variety of factors including the activity of the specific 
inhibin employed, the age, body weight, general health, sex, and diet of 
the patient, time of administration, route of administration, rate of 
excretion, drug combination and the severity of the infection or tumour 

25 undergoing treatment. 

Inhibin or inhibin compositions for use in the stimulation of an 
immune response to an infection or tumour include those to be administered 
orally, parenteral ly , by inhalation spray, rectal ly , vaginally or topically 
in unit dosage formulations containing conventional, non-toxic, 

30 pharmaceutical ly acceptable carriers, diluents, excipients and/or adjuvants 
as desired. 

In the method for treatment of autoimmune disease, the host is 
immunised with an autoimmune disease treating amount of inhibin or an 
inhibin composition, a subunit or an a subunit composition. 
35 Immunisation may also be passive immunisation with the host receiving 

Inhibin antibodies or an antibody preparation comprising antibodies raised 
against inhibin or the a subunit of inhibin. The antibodies are raised 
by immunising a host capable of raising an immune response to inhibin with 
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inhibin, a subunit, or an inhibin or a subunit composition, ana 
administered either as antibodies or as an antibody composition. 
Alternatively, an autoimmune disease treating amount of activin or an 
activin composition or other inhibin antagonist or other inhibin antagonist 

5 composition is administered to the host. 

The inhibin composition, activin composition, a suounit 
composition, inhibin antagonist composition or antibody composition for 
this purpose is prepared by mixing, preferably homogenously mixing, 
inhibin, activin, a subunit, inhibin antagonist or inhicin or a subunit 

10 antibodies respectively with a pharmaceuti cal ly aceptable carrier, diluent, 
excipient and/or adjuvant using standard methods of pharmaceutical 
preparation . 

The amount of inhibin, a subunit, inhibin antagonist, activin, or 
inhibin or a subunit antibodies required to produce a single dosage form 

T5 will vary depending upon the host to be treated and the oarticular mode of 
administration. The specific dose level for any particular oatient will 
depend upon a variety of factors including the activity of the specific 
molecule employed, the age, body weight, general health, sex, and diet of 
the patient, time of administration, route of administration, rate of 

ZO excretion, drug combination and the severity of the autoimmune disease 
undergoing treatment. 

Inhibin, a subunit, inhibin or a subunit compositions, activin, 
activin compositions, inhibin antagonist or inhibin antagonist compositions 
for use in the treatment of autoimmune diseases include those to be 

25 administered orally, parenteral ly , by inhalation spray, rectally, vaginally 
or topically in unit dosage formulations containing conventional, 
non-toxic, pharmaceuti cal ly acceptable carriers, diluents, excipients 
and/or adjuvants as desired. Antibodies or antibody compositions are 
administered parenteral ly . In newborns they may also be administered 

30 orally. 

In the method for suppressing transplantation rejection the host is 
immunised with a transplantation rejection suppressing amount of inhibin, 
an inhibin composition, a subunit or an a subunit composition. 
Immunisation may also be passive immunisation with the host receiving an 
25 antibody preparation comprising antibodies raised against inhibin or 
inhibin a subunit. The antibodies are raised by immunising a host 
capable of raising an immune response to inhibin with inhibin or an inhibin 
composition or a subunit or an a subunit composition, and administered 
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either as antibodies or as an antibody composition. Alternatively, 
transplantation rejection may be suppressed by administering a 
transplantation rejection suppressing amount of activin or an activin 
composition or an inhibin antagonist or an i nhi bin antagonist composition 

5 to the host. 

The inhibin, a subunit, activin, inhibin antagonist or antibody 
composition for this purpose is prepared by mixing, preferably homogenous ly 
mixing, inhibin, a subunit, activin, inhibin antagonist or antibodies 
respectively with a pharmaceutical^ acceptable carrier, diluent, excipient 

TO and/or adjuvant using standard methods of pharmaceutical preparation. 

The amount of inhibin, a subunit, activin, inhibin antagonist or 
antibody required to produce a single dosage form will vary depending upon 
the host to be treated and the particular mode of administration. The 
specific dose level for any particular patient will depend upon a variety 

15 of factors including the activity of the specific inhibin employed, the 
age, body weight, general health, sex, and diet of the patient, time of 
administration, route of administration, rate of excretion, drug 
combination and the severity of the transplantation rejection undergoing 
treatment. 

ZO Inhibin, a subunit or inhibin or a subunit compositions or 

inhibin antagonist or inhibin antagonist compositions or activin or activin 
compositions for use in the suppression of transplantation rejection 
include those to be administered orally, parenteral ly , by inhalation spray, 
rectally, vaginally, or topically in unit dosage formulations containing 

Z5 conventional, non-toxic, pharmaceuti cal ly acceptable carriers, diluents, 
axcipients and/or adjuvants as desired. Inhibin antibodies, a subunit 
antibodies, or inhibin antibody compositions or cc subunit antibody 
compositions are administered parenterally. In newborns they may also be 
admi nisterd oral ly . 

30 In the method for monitoring the immune status of a host, the patient 

is treated with an immunostimul atory dose of inhibin and subsequently 
monitored for the ability to respond by changes in immune system 
parameters, particularly lymphocyte numbers and immunoglobulin levels in 
the circulating blood. A poor response would be indicative of 

35 imunodeficlency . Serum or biopsy tissue from organs of the immune system 
of a patient are collected and assayed for inhibin or activin levels by 
radioimmunoassay or bioassay . Low levels of inhibin or high levels of 
activin would indicate immunodeficiency. 
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In the method for Inhibiting excessive tissue proliferation an 
effective amount of an activin antagonist or an actlvin antagonist 
composition is administered to the host. 

The activin antagonist composition for this purpose is prepared by 

5 mixing, preferably homogenously mixing, an activin antagonist with a 

pharmaceutical ly acceptable carrier, diluent, excipient and/or adjuvant 
using standard methods of pharmaceutical preparation. 

The amount of activin antagonist required to produce a single dosage 
form will vary depending upon the host to be treated and the particular 

TO mode of administration. The specific dose level for any particular patient 
will depend upon a variety of factors including the activity of the 
specific inhibin employed, the age, body weight, general health, sex, and 
diet of the patient, time of administration, route of administration, rate 
of excretion, drug combination and the severity of the excessive tissue 

15 proliferation undergoing treatment. 

Activin antagonists or activin antagonist compositions for use in the 
inhibition of excessive tissue proliferation include those to be 
administered orally, parenteral ly , by inhalation spray, rectally, 
vaginally, or topically in unit dosage formulations containing 

20 conventional, non-toxic, pharmaceutical 1 y acceptable carriers, diluents, 
excipients and/or adjuvants as desired. 

In the method for promoting tissue regeneration in a wound including 
a surgical lesion, burn, tissue graft or chronic ulcer, a tissue 
regeneration promoting amount of activin or an activin composition is 

25 administered to the host. 

The activin composition for this purpose is prepared by mixing, 
preferably homogenously mixing, activin with a pharmaceuti cal ly acceptable 
carrier, diluent, excipient and/or adjuvant using standard methods of 
pharmaceuti cal preparation . 

30 The amount of activin required to produce a single dosage form will 

vary depending upon the host to be treated and the particular mode of 
administration. The specific dose level for any particular patient will 
depend upon a variety of factors including the activity of the specific 
inhibin employed, the age, body weight, general health, sex, and diet of 

35 the patient, time of administration, route of administration, rate of 
excretion, drug combination and the severity of the wound, burn, tissue 
graft or chronic ulcer undergoing treatment. 

Activin or activin compositions for use in the promotion of tissue 
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regeneration include those to be administered orally, parenteral ly , by 
inhalation spray, rectally, vaginally, or topically in unit dosage 
formulations containing conventional, non-toxic, pharmaceutical ly 
acceptable carriers, diluents, excipients and/or adjuvants as desired. 
5 In the method for monitoring tumour growth serum or tumour biopsy 

tissue is collected from a patient and assayed for activin levels by 
radioimmunoassay or bioassay. High levels would be indicative of tumour 
growth. 

In the method for enhancing blood clotting, the host is immunised 
10 with inhibin, the a subunit of inhibin or an inhibin or a suDunit 

composition. Immunisation may also be passive immunisation with the host 
receiving an antibody preparation comprising antibodies raised against 
inhibin or a subunit. The antibodies are raised by immunising a host 
capable of raising an immune response to inhibin, a subunit or an inhibin 
15 or a subunit composition, and administered either as antibodies or as an 
antibody composition. Alternatively, a blood clot enhancing amount of an 
inhibin antagonist or an inhibin antagonist composition is administered to 
the host. 

The inhibin, a subunit, inhibin antagonist or antibody composition 
20 for this purpose is prepared by mixing, preferably homogenous ly mixing, 
inhibin, a subunit or an inhibin antagonist or inhibin or a subunit 
antibodies respectively with a pharmaceuti cal ly acceptable carrier, 
diluent, excipient and/or adjuvant using standard methods of pharmaceutical 
preparation . 

25 The amount of inhibin, a subunit, inhibin antagonist, or antibodies 

required to produce a single dosage form win vary depending upon the host 
to be treated and the particular mode of administration. The specific dose 
level for any particular patient will depend upon a variety of factors 
including the activity of the specific inhibin employed, the age, body 
30 weight, general health, sex, and diet of the patient, time of 

administration, route of administration, rate of excretion, drug 
combination and the severity of the clotting condition undergoing treatment. 

The inhibin, a subunit, antibody or antagonist compositions for use 
in the enhancement of blood clotting include those to be administered 
35 orally, parenterally, by inhalation spray, rectally, vaginally, or 

topically in unit dosage formulations containing conventional, non-toxic, 
pharmaceutical ly acceptable carriers, diluents, excipients and/or adjuvants 
as desired. Antibodies or antibody compositions are administered 
parenterally. In newborns they may also be administered orally. 
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In the method for Inhibiting blood clotting, inhibin, or an inhibin 
composition is administered to the host. 

The inhibin composition for this purpose is prepared by mixing, 
preferably homogenously mixing, inhibin or a subunit respectively with a 

5 pharmaceuti cal ly acceptable carrier, diluent, excipien: and/or adjuvant 
using standard methods of pharmaceutical preparation. 

The amount of inhibin required to produce a sing'r dosage form will 
vary depending upon the host to be treated and the parvcular mode of 
administration. The specific dose level for any partiular patient will 

10 depend upon a variety of factors including the activity of the specific 
inhibin employed, the age, body weight, general health, sex, and diet of 
the patient, time of administration, route of administration, rate of 
excretion, drug combination and the severity of the clc:ting condition 
undergo! ng treatment . 

15 The inhibin compositions for use in the inhibitlc^ of blood clotting 

include those to be administered orally, parenteral 1 y , zy inhalation spray, 
rectal ly , vagi nal ly , or topically in unit dosage formulations containing 
conventional, non-toxic, pharmaceuti cal ly acceptable carriers, diluents, 
excipients and/or adjuvants as desired. 

20 In the method for delaying thrombi c processes, 1-nibln, or an inhibin 

composition is admi ni stered to the host. 

The inhibin composition for this purpose is prepared by mixing, 
preferably homogeneously mixing, inhibin or a subunit respectively with a 
pharmaceutical ly acceptable carrier, diluent, excipien: and/or adjuvant 

25 using standard methods of pharmaceutical preparation. 

The amount of inhibin required to produce a single dosage form will 
vary depending upon the host to be treated and the particular mode of 
administration. The specific dose level for any particular patient will 
depend upon a variety of factors including the activity of the specific 

30 inhibin employed, the age, body weight, general health, sex, and diet of 
the patient, time of administration, route of admi ni s tration , rate of 
excretion, drug combination and the severity of the thrombi c condition 
undergoing treatment. 

The inhibin compositions for use in the delay of thrombic processes 

35 include those to be administered orally, parenteral ly , by inhalation spray, 
rectally, vaginally, or topically in unit dosage formulations containing 
conventional, non-toxic, pharmaceuti cal ly acceptable carriers, diluents, 
excipients and/or adjuvants as desired. 
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In the method for treatment of haemorrhagi ng an antagonist of inhibin 
or an Inhibin antagonist composition is administered to the host. 
Alternatively the host may be immunised with inhibin or the a subunit of 
inhibin or an inhibin or ex subunit composition or passively immuni sed 
5 with inhibin or a subunit antibodies or compositions comprising inhibin 
or a subunit antibodies. 

The inhibin antagonist, inhibin, a subunit or antibody compositions 
for this purpose are prepared by mixing, preferably homogenously mixing, an 
inhibin antagonist, inhibin, a subunit, or antibodies respectively with a 
10; pharmaceuti cal Ty acceptable carrier, diluent, excipient and/or adjuvant 
using standard methods of pharmaceutical preparation. 

The amount of inhibin antagonist, inhibin, a subunit, or antibody 
required to produce a single dosage form will vary depending upon the host 
to be treated and the particular mode of administration. The specific dose 
15 level for any particular patient will depend upon a variety of factors 
including the activity of the specific inhibin employed, the age, body 
weight, general health, sex, and diet of the patient, time of 
administration, route of administration, rate of excretion, drug 
combination and the severi ty of the haemorrhagi ng to be treated. 
20: The antagonist compositions for use in the treatment of haemorrhagi ng 

include those to be administered orally, parenterally, by inhalation spray, 
rectally, vaginally, or topically in unit dosage formulations containing 
conventional, non-toxic, pharmaceutical ly acceptable carriers, diluents, 
excipients and/or adjuvants as desired. Inhibin antibodies, ct subunit 
25 antibodies, or inhibin antibody compositions or a subunit antibody 

compositions are administered parenterally. In newborns they may also be 
admini sterd oral ly . 
EXAMPLE 1 

Effect of inhibin and activin on the proliferation of rat T-l vmphocvtes in 
30 vitro 

A conventional T-lymphocyte proliferative assay was employed as 
fol lows ; 

Thymuses from 60-70 d Sprague-Dawl ey male rats were excised under 
sterile conditions, the capsule cut and T-lymphocytes recovered mainly from 
35". the cortical region by manipulation of the tissue with blunt probes. The 
cells were washed in Dulbecco 1 s Modified Eagle's Medium CDMEM) and plated 
CO. 8 million cells/well) in 96 well tissue culture plates in the presence 
of test substances in a final volume of 250al DMEM containing 5X fetal 
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calf serum CFCS). Cells were incubated at 37°C for 72 hr at which time 
tritiated thymidine (50fxl, 0.5|iCi /wel 1 , 6.7Ci/mmol) was added and the 
cells incubated a further 16-20hrs at 37°C. 

The media containing the cells was collected, the cells washed with 

5 lOmM phosphate pH7-buffered 0.97. NaCl . 10% trichloroacetic acid (TCA, 1ml) 
was added and the precipitate collected by centi f ugation . The precipitate 
was washed with \01 TCA (1ml) followed by methanol (1ml). The resulting 
precipitate was dissolved in 0.3M NaOH (lOOul) for 10 min at room 
temperature. G.3M hydrochloric acid (lOOul) was added and the sample 

10 counted by liquid scintillation in a y counter. 

Inhibin and activin were purified from bovine follicular fluid by 
procedures already described (Robertson et al 1985 Biochem Biophys Res Comm 
126:220, Robertson et al 1986 Mol Cell Endocrinol 44:271; McLachlan et al 
1987 J Clin Endocrinol Metab 65:954). 

15 The results in Fig. 1 show that in the absence of Con A and PHA or in 

the presence of a submaximal dose of Con A (0. 125|xg/ml > , inhibin showed a 
small but significant (p < 0.05) stimulation of thymidine incorporation by 
T-iymphocytes only at the highest dose employed (5nM). However, in the 
presence of 50|xg/ml PHA, inhibin stimulated (p < 0.001) thymidine uptake 

20 at all doses above 0.5 nM with a plateau of stimulation observed at 2.5nM 
(ED50 0.7nM). Inhibin had no detectable effect on T lymphocytes maximally 
stimulated by Con A. 

TGF-fl inhibited uptake by lymphocytes maximally-stimulated by Con A, 
with an ID50 of 0.02nM (Fig. 2). Although bovine activin showed no effect in 

25 this experiment, other studies (data not shown) showed that the highest 
dose of activin (lOnM) can suppress maximally stimulated lymphocytes 
indicating a variable effect of activin at high doses. There was no effect 
of activin up to 10nM on unstimulated lymphocytes. Both TGF-S and activin 
inhibited PHA-stimulated (50|xg/ml) thymidine uptake by T lymphocytes, 

30 with ID50 values of 0.004nM and 0.4nM, respectively (Figure 3). 
EXAMPLE 2 

The effect of inhibin and activin on the proliferation of a mouse 3T3 
f i brobl asti c cell line 

Mouse Balb/c 3T3 embryo fibroblasts were maintained at 37°C in DMEM 
35 supplemented with glucose (4.5g/l) and 10% FCS . Monolayers of these cells 
were trypsinised and the released cells were suspended in DMEM containing 
101FCS at a concentration of 50,000/ml . Samples of 200^.1 were placed into 
96 well culture plates and incubated for 4 days. The medium was replaced 
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with DMEM containing 0.57. FCS. Cells were then incubated at 37°C for 20 hr 
at which time tritiated thymidine ClOjil ,0.4p.Ci/we1 1 , 6.7 Ci/mmole) was 
added and the cells incubated a further 2hrs at 37°C. The cells were washed 
with distilled water, 5% trichloroacetic acid CTCA, 0.2ml) added and the 
5 precipitate was washed with 10% TCA. The precipitate was dissolved in 0.3M 
NaOH ClOOjxl) for 10 min at room temperature. Hydrochloric acid 
(IOOjjlI ,0.3M> was added and the sample counted by liquid scintillation in 
a y counter. 

In contrast to the responses observed for T-lymphocytes in vitro . 
10 inhibin did not stimulate the proliferation of 3T3 cells, up to a maximum 
dose of 30nM (Fig. 4). However, activin stimulated 3T3 cell proliferation 
at doses above 3nM, but TGF-6 stimulated proliferation even at the lowest 
dose employed C0.3nM). 
EXAMPLE 3 

1 5 IqG Levels in sera from i nhi bi n-immuni sed and control rabbits 

Since inhibin is a natural stimulator of the immune system, removal 
or neutralisation of inhibin by- direct immunisation could result in lower 
serum IgG levels due to the neutralisation oer se and to inhibitory effects 
of the remaining activin and/or TGF-p. To test this intact New Zealand 
20 male rabbits were used. Sera from a pool of normal rabbits and serum from 
a rabbit immunised against bovine 31kD inhibin were collected separately 
and immunoglobulin (IgG) fraction isolated following an inital 45% ammonium 
sulphate precipitation step and a fractionation step on Protein A 
immobol i sed to Sephacryl S200. 
25 From 20ml serum, 38.2mg IgG was recovered from control animals 

compared with 23.4mg from the immunised animal. Details of the immunisation 
procedure and characterization of this antiserum have been previously 
described (McLachlan et al 1986 MoT Cell Endocrinol 46:175). 

In further studies, serum IgG levels were determined by sandwich 
30 enzyme-linked immunosorbent assay. In this assay the solid phase was coated 
with sheep anti-rabbit IgG and incubated with either rabbit IgG standard or 
rabbit sera unknowns at multiple dilutions. The level of bound IgG in the 
standard or sample was detected with peroxi dase-1 abell ed goat anti-rabbit 
IgG. Serum IgG levels were determined in 3 rabbits receiving multiple 
35 immunisations with bovine 58 or 31 kD inhibin and two rabbits receiving 

multiple injections with another protein structurally unrelated to inhibin 
and showing no effect on thymocyte proliferation (control protein). The 
antibody tttre was assessed from binding of the respective iodinated 
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protein to serum at a final dilution of 1:6000. Examples of the changes 1n 
serum IgG and Inhibin antibody titre following immunisation with inhibin or 
control protein is shown 1n Figure 5. 

In order to analyse this relationship, the change in serum IgG levels 

5 after each secondary immunisation was determined from the significance of 
the regression of the IgG levels during the periods when the antibody titre 
was above 5 and 10% binding, respectively. As seen in Table 1, in the 
inhibin-immuni sed rabbits, 3 of 9 immunisations which resulted in antibody 
titres > 10% showed a significant decrease in serum IgG, the remainder 

10 showing no change. In contrast, in control animals two immunisations caused 
an increase in IgG levels while two showed no change. It is concluded that 
inhibin immunisation can cause a suppression in serum IgG levels. 

The results of Examples 1-3 indicate that inhibin stimulates the 
immune system at physiological doses, at least in part by direct 

15 stimulation of lymphocyte function as well as by enhancing the response of 
lymphocytes to mitogenic, and presumably antigenic, stimulation. In 
accordance with these observations in vitro , blocking endogenous inhibin 
action in vivo by passive immunisation results in a reduced capacity for 
Immunoglobulin production. The immunostimulatory actions of inhibin is 

2C specific, as inhibin had no effect on the proliferation of 3T3 cells in 
vvtro. 

In contrast to the effects of inhibin, activin suppresses lymphocyte 
function at physiological doses, although at higher doses than observed 
with TGF-G. Interestingly, the action of activin on 3T3 cell proliferation 

25 in vitro was opposite to its effects on the lymphocytes, being stimulatory 
at physiological doses. It is also postulated that inhibin and activin are 
also involved in regulating the unique immunologically privileged 
environments of the gonads and pregnant uterus, as well as growth 
regulation. Consequently, inhibin and activin have applications as 

30 therapeutic and diagnostic agents in a broad range of clinical conditions 
related to immune dysfunction and tissue growth promotion. 
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TABLE 1 : Changes Tn IgG levels after booster Immunisation with bovine 
inhibin or control protein 

No. of immunisations resulting in a 
change or no change in serum IgG levels 

Immunogen litre Increase No Change Decrease Tota'. 



Inhibin <5% 1 0 0 1 

5-10% 0 3 0 3 

>107. 0 6 3 9 

Control <107. 0 0 0 0 

Protein > 1 07, 2 2 0 4 



For methodological details see text. 
EXAMPLE 4 

Effects of Inhibin Immunisation on Clotting Time in Adult Male Castrate 

51 Two male adult castrate New Zealand rabbits, aged approximately 2 

years (#749 and #1989) were immunised with purified bovine 31fcD inhibin 
(l0-20|xg hormone/ 1 .5-6ml of Dulbecco's Phosphate buffer pH 7.0 (40%) + 
Montanide 888 : Marcol 52 1:9 (60%)). Following an initial injection and 
3-7 boosters the clotting time of the blood collected via the marginal ear 

10 vein using the flask suction method (Nerenberg et al , J Imm Meths 24 1978, 
19-24) was determined (see Table 2). 
TABLE 2 

Treatment Rabbit Number Clotting time (seconds)* 

Immunised 749 St 1989 15 - 60 

Control s 1 & 2 120-430 

^Observations were made by two independent operators on several 

occasions . 

EXAMPLE 5 

Tracer Binding Assay 
15 Sheep sera were diluted 1:500 in 0.01M phosphate buffered saline (36g 

NaCl, 5.52g Na H 2 P0 4 2H 2 0, 0.4g Na Azide in 4 litres of distilled 
water at pH 7.4, containing 0~5% bovine serum albumin CBSA] referred to as 
buffer, below) and lOOjxl of this was added to a plastic tube; 200jil of 
buffer was also added. To this was added lOOjxl of approximately 
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I0,000cpm of 125 I-31kD purified bovine inhibin. The tubes were incubated 
overnight at room temperature (14-20*0. A second antibody (anti-sheep IgG 
raised in donkey) was added, diluted 1:20 with buffer, and added 1 OOjxl to 
each tube then incubated for 30-45 min followed by the addition of 1ml of 

5 67. polyethylene Glycol 6000 (PEG). Tubes were vortexed and centrifuged for 
30 min at 2,500rpm. The supernatants were decanted and allowed to drain. 
Pellets were counted in a mul ti -channe 1 y-counter and results expressed as 
a % of total radioactive counts added (minus NSB) giving 1 binding of 31 kD 
bovine inhibin to the antibodies in the sera. 

10 EXAMPLE 6 

Effects of Recombinant Inhibin a subunit I mmunisation on Clotting Time In 

Adult intact Female Sheep 

Nine ewes were immunised with bovine inhibin a subunit fused to 

part of 6-galactosidase (300[ig protein/ml of saline + Montanide 888 : 
15 Marco! 52 1:9 (50:50)). Animals were given a primary and booster 

immunisations (intramuscularly, i. m.) 4 weeks apart and left for several 

months. Blood (10ml) was collected by vacutainer and the clotting time 

assessed using a stopwatch. Inhibin antibody titres were determined by 

tracer binding assay on sera derived from the same sample of blood and 
20 animals were placed accordingly into two groups, high (> 1% binding at 

1:500 dilution) and low responders (< 1% binding at 1;500 dilution) and 

compared to the control group. 

Immunisation of sheep against inhibin a subunit results in 

significantly elevated inhibin binding (Figure 6) and faster clotting times 
25 (Figure 7). The antibodies are operating as antagonists of inhibin 

activity and indicate that other chemicals that act as inhibin antagonists 

and/or other proteins such as activin and TGF-fl with effects known to be 

opposite to those of inhibin can be administered to achieve the same effect. 

INDUSTRIAL APPLICATIONS 
30 The methods of the invention are applicable to the treatment of blood 

clotting disorders using inhibin or inhibin antagonists or compositions 

incorporating inhibin or inhibin antagonists. 

Delay of clotting or thrombic processes can be achieved by 

administration of inhibin whereas antagonists to inhibin can be utilised to 
35 enhance clotting processes. 

These aspects of the invention find utility in the treatment of 

haemorrhagi ng and clotting disorders and in cardiovascular therapy in 

general . 
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Methods for treating immune dysfunction with inhibin and activin are 
also described as well as methods for promoting tissue growth using activin. 
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ACTION OF HORMONES 

CLAIMS 

1. A method for the treatment of immunosuppressive states or 
immunodeficiency diseases In a host in need of such treatment, which method 
comprises administering an effective amount of inhibin or of an inhibin 
composition to said host. 

2. A method for stimulating the immune response of a host in need 
of such treatment, to an infection or to a tumour, which method comprises 
administering an immune response stimulating amount of inhibin or of an 
inhibin composition to said host. 

3. A method for the treatment of an autoimmune disease in a host in 
need of such treatment which method comprises immunising said host with an 
autoimmune disease treating amount of inhibin, the a subunit of inhibin, 

or of an inhibin or a subunit composition. 

4. A method for suppressing transplantation rejection in a host in 
need of such, treatment which method comprises immunising said host with a 
transplantation rejection suppressing amount of inhibin, a subunit or of 
an inhibin or a subunit composition. 

5. A method' for suppressing transplantation rejection in a host in 
need of such treatment which method comprises administering a 
transplantation rejection suppressing amount of an inhibin antagonist or an 
inhibin antagonist composition to said host. 

6. A method for monitoring the immune status of a host in need of 
such treatment which method comprises measuring the ability of the host's 
immune system to be stimulated by inhibin, by radioimmunoassay or bioassay. 

7. A method for the treatment of an autoimmune disease in a host in 
need of such treatment which method comprises administering an autoimmune 
disease treating amount of activin or of an activin composition to said 
host. 

8. A method for suppressing transplantation rejection in a host in 
need of such treatment, which method comprises administering a 
transplantation rejection suppressing amount of activin or of an activin 
composition to said host. 

9. A method for the promotion of tissue regeneration in a wound 
including a surgical lesion, burn, tissue graft or chronic ulcer of a host 
in need of such treatment, which method comprises administering tissue 
regeneration promoting amount of activin or of an activin composition to 
said host. 
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10. A method for monitoring the immune status of a host in need of 
such treatment which method comprises measuring the ability of the host's 
immune system to be depressed by activin by radioimmunoassay or bioassay. 

IK A method for monitoring tumour growth in a host in need of such 
treatment which method comprises measuring the levels of activin in serum 
or tissue biopsy samples from said host by radioimmunoassay or bioassay. 

12. A method for enhancing blood clotting in a host in need of such 
treatment which method comprises immunsing said host with blood clotting 
enhancing amount of inhibin or the a subunit of inhibin or of an inhibin 
composition or of an a subunit composition. 

13. A method for enhancing blood clotting in a host in need of such 
treatment which method comprises administering blood clotting enhancing 
amount of an inhibin antagonist or an inhibin antagonist composition to 
said host- 

14. A method for inhibiting blood clotting in a host in need of such 
treatment which method comprises administering a blood clotting inhibiting 
amount of inhibin or of an inhibin composition, to said host. 

15. A method for delaying thrombi c processes in a host in need of 
such treatment, which method comprises, administering a thrombic process 
delaying amount of inhibin, or of an inhibin composition, to said host. 

16. A method for inhibiting excessive tissue proliferation in a host 
in need of such treatment which method comprises administering an effective 
amount of an activin antagonist or of an activin antagonist composition to 
said host. 

17. A method of using inhibin in the preparation of a pharmaceutical 
composition for the delaying of thrombic processes. 

18. A method of using an activin antagonist in the preparation of a 
pharmaceutical composi tion for the inhibition of excessive tissue 

pro! iferation. 

19. A method of using inhibin in the preparation of a pharmaceutical 
composition for the treatment of immunosuppressive states or 
immunodeficiency di s eases. 

20. A method of using inhibin in the preparation of a pharmaceutical 
composition for stimulating the immune response of a host to an infection 
or a tumour. 

21. A method of using inhibin or the a subunit of inhibin in the 
preparation of an immunogen for protecting a host against an autoimmune 
disease. 
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22. A method of using an inhibin antagonist in the preparation of a 
pharmaceutical composition for protecting a host against an autoimmune 

dl sease . 

23. A method of using inhibin or the a subunit of inhibin in the 
preparation of an immunogen for protecting a host against a transplantation 
rejection response. 

24. A method of using an inhibin antagonist in the preparation of a 
pharmaceutical preparation for protecting a host against a transplantation 
rejection response. 

25. A method of using inhibin in the preparation of a diagnostic 
agent for monitoring the immune status of a host. 

26. A method of using activin for the preparation of a 
pharmaceutical composition for the treatment of an autoimmune disease. 

27. A method of using activin for the preparation of a 
pharmaceutical composition for suppressing transplant rejection. 

28. A method of using activin for the preparation of pharmaceutical 
composition for promotion of tissue regeneration in a wound, burn, tissue 
graft or chronic ulcer. 

29. A method of using activin for the preparatipg*of. a- 
oharmaceuti cal composition for monitoring the immune status^of a host. 

30. A method of using activin for the preparation of a 
pharmaceutical composition for monitoring tumour growth in a host. 

31. A method of using inhibin or the a subunit of inhibin for the 
preparation of an immunogen for enhancing blood clotting. 

32. A method of using an inhibin antagonist for the preparation of a 
pharmaceutical composition for enhancing blood clotting. 

33. A method of using inhibin for the preparation of a 
pharmaceutical composition for inhibiting blood clotting. 

34. A method for treatment of an autoimmune disease in a host in 
need of such treatment which method comprises administering an autoimmune 
disease treating amount of an inhibin antagonist or of an inhibin 
antagonist composition to said host. 

35. A method for suppressing transplantation rejection in a host in 
need of such treatment, which method comprises administering, a transplant 
rejection suppressing amount of inhibin antibodies, a subunit antibodies 
or of an inhibin or a subunit antibody composition to said host. 

36. A method for enhancing blood clotting in a host in need of such 
treatment which method comprises administering a blood clotting enhancing 
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amount of inhibin antibodies, a subunit antibodies, an inhibin antibody 
composition or an a subunit antibody composition to said host. 

37- A passive vaccine for treating an autoimmune disease comprising, 
inhibin antibodies, a subunit antibodies, an inhibin antibody composition 
or an a subunit antibody composition. 

38. A passive vaccine for suppressing transplant rejection, 
comprising inhibin antibodies, a subunit antibodies, an inhibin antibody 
composition or an a subunit antibody composition. 

39. A passive vaccine for enhancing blood clotting comprising, 
inhibin antibodies, a subunit antibodies, an inhibin antibody composition 
or an a subunit antibody composition. 

40. A vaccine for treating an autoimmune disease comprising inhibin, 
the inhibin a subunit, an inhibin composition or an a subunit 

compos i tion. 

41. A vaccine for suppressing transplant rejection comprising 
inhibin, the inhibin a subunit, an inhibin composition or an a subunit 
composition. 

42. A vaccine for enhancing blood clotting comprising inhibin, the 
inhibin a subunit, an inhibin composition or an a subunit composition. 

43. A method for preventing haemorrhagi ng in a host in need of such 
treatment which method comprises administering a haemorrhagi ng preventing 
amount of an inhibin antagonist or an inhibin antagonist composition to 
said host. 

44. A method for preventing haemorrhagi ng in a host in need of such 
treatment which method comprises immunising said host with a haemorrhagi ng 
preventing amount of inhibin, the a subunit of inhibin or an inhibin or 

a subunit composition. 

45. A method of using an inhibin antagonist in the preparation of a 
pharmaceutical composition for preventing haemorrhagi ng. 

46. A method of using inhibin or the a subunit of inhibin in the 
preparation of an immunogen for preventing haemorrhagi ng . 

47. A passive vaccine for preventing haemorrhaging comprising 
inhibin antibodies, a subunit antibodies, an inihibin antibody 
composition or an a subunit antibody composition. 

48. A vaccine for preventing haemorrhaging comprising inhibin, the 
a subunit of inhibin or an inhibin or a subunit composition. 
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